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ABSTRACT  

The electronic Common Technical Document (eCTD) has 

become the cornerstone of global regulatory submissions, 

offering a harmonized structure for dossier assembly, 

data integrity, and lifecycle management. Since its 

inception under ICH M4 in 2002, successive versions of 

the eCTD specification (v2.0, v3.2, and the forthcoming 

v4.0) have introduced features such as enhanced XML 

metadata, interactive tables of contents, and robust 

version control mechanisms. Nonetheless, pharmaceutical 

sponsors and regulatory authorities continue to face 

substantial implementation challenges across diverse 

regions. These include technical hurdles—such as 

divergent stylesheet requirements, metadata mapping 

complexities, and the integration of legacy document 

management systems—as well as organizational and 

human factors like insufficient change management 

frameworks, limited specialized staffing, and inadequate 

cross-functional training. Regulatory uncertainties in 

emerging markets further compound these issues, with 

voluntary implementation pilots and unclear validation 

criteria delaying global rollouts. Through a systematic 

literature review of 42 peer-reviewed studies and white 

papers, semi-structured interviews with 15 multinational 

regulatory-affairs professionals, and three illustrative 

case studies, this manuscript delineates the principal 

barriers to eCTD adoption. We categorize challenges into 

technical (metadata compliance, XML schema validation, 

interoperability), organizational (governance, training, 

resource allocation), and regulatory (regional 

specification divergences, emerging-market guidance 

gaps).   
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Figure-1.Challenges Involved in eCTD Submission Management, Source[1]  
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INTRODUCTION  

The global pharmaceutical landscape has witnessed an 

exponential increase in the complexity of regulatory 

submissions over the past two decades. In response, the 

International Council for Harmonisation (ICH) introduced 

the Common Technical Document (CTD) framework in 2002 

via the ICH M4 guideline, specifying a five-module dossier 

structure encompassing quality, nonclinical, clinical, and 

regional information components. Building upon the CTD, 

the electronic Common Technical Document (eCTD) was 

introduced in 2003 (v2.0) to leverage XML technology for 

document lifecycle management—enabling version control, 

amendment tracking, and streamlined communication 

between sponsors and regulators. Subsequent specification 

updates—eCTD v3.2 in 2011 and the draft of eCTD v4.0 in 

2017—have further enhanced submission capabilities by 

adding features like interactive navigation, richer metadata 

support, and compatibility with contemporary publishing 

pipelines.  

  

Figure-2.Best Practices for eCTD Submissions, Source[2]  

Despite these advances, global implementation remains 

uneven. Regulatory agencies such as the U.S. Food and Drug 

Administration  

(FDA), European Medicines Agency (EMA), and Japan’s 

Pharmaceuticals and Medical Devices Agency (PMDA) have 

mandated eCTD submissions at different time points, 

creating a patchwork of requirements. For instance, the FDA 

required eCTD v3.2 for New Drug Applications in 2019, 

whereas the EMA enforced the same specification in 2016 

under centralized procedures. Health  
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Canada followed suit in 2019, and the PMDA adopted eCTD 

in 2018. Meanwhile, emerging markets—Brazil’s ANVISA, 

Russia’s Ministry of Health, and India’s CDSCO—have 

issued provisional guidance or conducted pilot programs, but 

have not yet fully mandated eCTD submissions.  

This staggered adoption forces sponsors to maintain parallel 

submission workflows, adapt dossiers to divergent metadata 

and stylesheet conventions, and manage different electronic 

transmission portals. Moreover, technical challenges—such 

as ensuring XML schema compliance, mapping controlled 

vocabularies, and integrating legacy document management 

systems—often lead to high rates of validation errors and 

first-cycle rejections. Organizational readiness is equally 

critical: cross-functional training, clear governance 

structures, and adequate staffing (including XML specialists 

and eCTD specialists) are frequently under-resourced. 

Without robust change management frameworks and 

standardized Standard Operating Procedures (SOPs), 

companies risk project delays, increased costs, and 

compromised data integrity.  

This manuscript investigates these multifaceted challenges 

through a mixed-methods approach, combining systematic 

literature review, stakeholder interviews, and real-world case 

studies. We aim to (1) categorize implementation barriers into 

technical, organizational, and regulatory domains; (2) 

quantify their impact on submission timelines and rejection 

rates; and (3) propose evidence-based mitigation strategies. 

By synthesizing insights from industry experts and published 

research, we provide practical recommendations to facilitate 

smoother global eCTD adoption and prepare sponsors for 

future specification updates.  

LITERATURE REVIEW  

Evolution and Scope of the eCTD Standard  

Since its debut in 2003, the eCTD specification has 

undergone multiple iterations to accommodate changing 

technological landscapes and regulatory needs. The original 

eCTD v2.0 introduced the concept of an XML backbone 

linking Dossier Module content; v3.2 (2011) enhanced 

lifecycle management with formal spine definitions, 

improved metadata tagging, and support for modular 

submissions. The draft v4.0 (2017) promises interactive 

table-of-contents elements and expanded metadata schemas 

to capture richer data elements for machine readability and 

advanced analytics.  

Regional Implementation Timelines and Variations  

Divergent adoption timelines across major regions create a 

mosaic of requirements.  

• United States (FDA): Mandated eCTD v3.2 for 

New Drug Applications in May 2017; 

Investigational New Drug eSubmissions followed in 

2019.  

• European Union (EMA): Required eCTD for 

centralized procedures in 2016; decentralized and 

mutual recognition procedures later included in 

2018.  

• Japan (PMDA): Enforced eCTD submissions in 

2018 and has piloted the Implementation Guide for 

Module 1 metadata since 2020.  

https://ijmrias.org/
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Canada (Health Canada): Mandated eCTD for 

new drug applications in 2019, with grandfathering 

provisions for ongoing submissions.  

• Emerging Markets: Brazil (ANVISA) and Russia 

(MoH) have voluntary eCTD pilots since 2019; 

India’s CDSCO issued draft eCTD guidelines in 

2021 but has not mandated full compliance.  

These asynchronous rollouts compel sponsors to maintain 

dual-format archives and repackage dossiers to local Module 

1 requirements—often a manual, error-prone process.  

Technical Barriers  

Metadata and XML Schema Complexity  

Metadata mapping discrepancies—such as variations in 

sequence numbering, document type definitions, and 

controlled vocabularies—account for over 75% of first-cycle 

rejections reported in published audits. Sponsors frequently 

encounter mismatches between their internal metadata 

schema and agency-specified XML validation rules (Smith & 

Patel, 2020). Without standardized templates and automated 

validation scripts, manual metadata entry leads to high error 

rates.  

Legacy System Interoperability  

A 2015 Deloitte survey found that 62% of large 

pharmaceutical companies lacked eCTD-capable document 

management systems (DMS). Retrofitting legacy DMS 

involves extensive IT development, custom API integrations, 

and rigorous validation—often delaying initial eCTD rollouts 

by 6–12 months. Commercial solutions (e.g., EXTEDO, 

Lorenz, GlobalSubmit) can expedite compliance but require 

significant licensing and implementation investments.  

Infrastructure and Data Security  

Large eCTD packages (often >5 GB) demand scalable 

storage, high-availability architectures, and robust 

cybersecurity measures. GDPR, HIPAA, and emerging 

privacy laws impose additional encryption and access 

controls, complicating cross-border data transmission.  

Organizational and Human Factors  

Resource Allocation and Training  

Our literature review and interviews highlight chronic under-

investment in training programs. Only 28% of surveyed 

sponsors had tiered curricula covering XML fundamentals, 

tool-specific workflows, and agency portal navigation. 

Without dedicated XML specialists and eCTD coordinators, 

document assembly errors proliferate.  

Change Management and Governance  

Effective eCTD adoption hinges on cross-functional steering 

committees—comprising regulatory affairs, QA, IT, and 

clinical leads—that define roles, SOPs, and approval gates. 

Sponsors without clear governance report fragmented 

processes, inconsistent document versions, and ad hoc error 

resolution.  

Regulatory Uncertainties in Emerging Markets  

Emerging markets’ provisional eCTD guidelines lack explicit 

validation checklists, forcing sponsors into pilot submissions 

and repeated agency clarifications. The resulting ambiguity 

disincentivizes investment and limits market access for 

smaller companies.  
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METHODOLOGY  

The methodology for this study was designed to 

comprehensively capture the technical, organizational, and 

regulatory dimensions of eCTD implementation across 

diverse regulatory regions. A mixed‐methods approach was 

selected to integrate quantitative insights—such as error‐rate 

frequencies and delay durations—with qualitative 

perspectives from industry practitioners. The overall 

methodology comprises four interrelated components: (1) 

systematic literature review, (2) stakeholder interviews, (3) 

case‐study analysis, and (4) data synthesis and validation. 

Each component is described in detail below.  

1. Systematic Review  

1.1. Objective and Scope   

The literature review aimed to identify and categorize 

documented challenges and mitigation strategies related to 

eCTD across scientific publications, regulatory white papers, 

and agency guidance documents between 2004 and 2024.  

1.2. Search Strategy  

• Databases and Sources: PubMed, Scopus, and Web 

of Science were queried for peer‐reviewed articles; 

FDA, EMA, PMDA, Health Canada, ANVISA, and 

WHO websites were searched for official guidance 

and technical white papers.  

• Keywords and Boolean Operators: Search strings 

included combinations such as “eCTD AND 

implementation,”  

“electronic Common Technical Document AND 

challenges,” “regulatory AND eSubmission AND errors,” 

and “legacy  

DMS AND interoperability AND eCTD.”  

• Inclusion Criteria: Documents published in 

English from 2004–2024; focus on eCTD (versions 

2.0, 3.2, or draft 4.0); reports on technical, 

organizational, or regulatory aspects; empirical data 

on error rates, delays, or resource requirements.  

• Exclusion Criteria: Non-accessible full texts; 

articles exclusively addressing non‐eCTD formats 

(e.g., PDF-only submissions); commentary pieces 

without empirical or detailed guidance.  

1.3. Selection Process  

• Initial Screening: Titles and abstracts were 

reviewed for relevance, yielding 87 candidate 

records.  

• Full‐Text Review: Each candidate was assessed 

against inclusion/exclusion criteria, resulting in 42 

final sources.  

Data Extraction: For each source, metadata were 

extracted including publication year, region(s) 

covered, versions of eCTD addressed, identified 

challenges (e.g., metadata errors, system 

integration), and recommended mitigation 

strategies.  

1.4. Quality Assessment   

Each included study or guidance document was appraised for 

methodological rigor, clarity of data reporting, and relevance 

to the current study objectives. Regulatory agency documents 

were treated as high-authority sources, while peer-reviewed 

studies were graded on sample size, clearly stated methods, 

and reproducibility.  

https://ijmrias.org/
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2. Stakeholder Interviews  

2.1. Participant Recruitment  

• Sampling Frame: Regulatory-affairs professionals 

were identified via professional networks, LinkedIn 

groups for regulatory affairs, and recommendations 

from industry associations.  

• Eligibility Criteria: Minimum five years of 

experience in eCTD submissions; direct 

involvement in at least three product dossiers 

submitted electronically; representation across large 

multinationals, mid-size pharma, and generic 

manufacturers.  

• Final Cohort: 15 participants from North America 

(6), Europe (5), and Asia-Pacific regions (4).  

2.2. Interview Protocol  

• Format: Semi-structured, one-on-one video 

interviews lasting 60–90 minutes each.  

• Question Guide: Developed around three themes—

technical integration, organizational readiness, and 

regulatory engagement. Sample questions:  

o  “Describe your 

organization’s process for 

mapping internal metadata to 

agency XML schemas.” o 

 “What training programs 

exist for staff on eCTD 

publishing tools?” o  “How 

do you coordinate multi-

regional dossier variations in 

Module 1?”  

2.3. Data Collection and Management  

• Interviews were audio-recorded and transcribed 

verbatim.  

• Transcripts were de-identified and stored in secure, 

access-controlled folders.  

• NVivo software was used to organize transcripts and 

tag recurring concepts.  

2.4. Thematic Analysis  

• Coding Framework: An initial codebook was 

developed from the literature review’s barrier 

categories (technical, organizational, regulatory), 

then refined iteratively.  

• Double Coding: Two independent analysts coded 

each transcript; discrepancies were reconciled 

through discussion and consensus.  

Theme Consolidation: Codes were grouped into 

higher-order themes, such as “metadata mapping 

errors,” “governance gaps,” and “agency 

communication channels.”  

3. Case‐Study Analysis  

3.1. Case Selection Criteria    

Three anonymized case studies were chosen to illustrate 

distinct failure modes and successful mitigations:  

• Case A: Legacy DMS integration failure due to 

schema mismatch (eCTD v2.0 vs. 3.2).  

• Case B: EMA rejection for Module 1 eSubmission 

Notification Form omissions.  

• Case C: PMDA gateway delays from staff 

unfamiliarity.  

https://ijmrias.org/


 

17  

 

International Journal of Medical Research and Innovation in Applied Science 

(IJMRIAS) 
ISSN (Online): Request Pending 

Volume-1 Issue-1 || Jan – Mar 2025 || PP. 11-20 https://ijmrias.org/ 

3.2. Data Sources for Each Case  

• Project Documentation: Implementation plans, 

validation reports, and post‐mortem analyses.  

• Agency Correspondence: Submission rejection 

letters, clarification requests, and technical queries.  

• Internal Metrics: Timelines from initial submission 

to approval, number and type of errors, and resource 

hours logged per task.  

3.3. Analytical Approach  

• Chronological Mapping: For each case, a timeline 

was constructed detailing key milestones—

planning, system configuration, dossier build, 

submission, rejection/resubmission, and final 

approval.  

• Error Categorization: Errors were classified using 

the Agency Error Taxonomy (AET), distinguishing 

between metadata, formatting, and procedural 

issues.  

• Cost and Time Impact: Delay durations and 

resource reallocation (e.g., person‐hours for rework) 

were quantified and compared against baseline 

projections.  

RESULTS  

Quantitative Findings  

• Metadata Errors: Reported by 76% of literature 

sources and 87% of interviewees as top rejection 

cause.  

• Interoperability Issues: Cited by 64% of articles; 

60% of sponsors required >6 months for DMS 

upgrades.  

• Training Gaps: 100% of participants stressed tiered 

training; only 28% had formal curricula.  

Case Study Outcomes  

• Case A: Initial rollout delayed by 4 months; 

adoption of EXTEDO platform cut subsequent 

project cycle time by 30%.  

• Case B: Six-week rework for EMA resubmission; 

implementation of SOP checklists eliminated repeat 

errors.  

Case C: Eight-week PMDA delay; targeted 

workshops reduced first-cycle rejection on next 

submission. Thematic Matrix  

Barrier  Frequency  

(%)  

Impact  Mitigation  

Metadata 

Validation  

87  4–6 weeks 

delay per 

error  

Automated 

XML checks; 

standardized 

templates  

Legacy 

DMS 

Integration  

64  6–12 months 

project 

extension  

Commercial 

eCTD 

platforms; 

API 

integrations  

Staffing & 

Training  

100  High error 

rates; rework  

Tiered 

training; hire 

XML 

specialists  

Governance 

& SOPs  

59  Process 

fragmentation  

Cross-

functional 

committees; 

updated 

SOPs  

Regional 

Spec  

Divergence  

45  Dual 

workflows; 

manual 

rework  

Early agency 

engagement; 

alignment 

workshops  

  

CONCLUSION  

Implementation of eCTD across global regulatory regions 

remains a complex endeavor, challenged by technical 

intricacies, organizational readiness gaps, and regulatory 

inconsistencies. Metadata compliance and legacy system 

https://ijmrias.org/


 

18  

 

International Journal of Medical Research and Innovation in Applied Science 

(IJMRIAS) 
ISSN (Online): Request Pending 

Volume-1 Issue-1 || Jan – Mar 2025 || PP. 11-20 https://ijmrias.org/ 

interoperability stand out as recurrent technical obstacles, 

while under-resourced training and weak governance 

exacerbate human-factor risks. Emerging-market 

uncertainties continue to hamper sponsors’ willingness to 

expand submissions beyond core regions.  

To address these challenges, sponsors should:  

1. Standardize Metadata Frameworks: Develop 

corporate-wide XML templates and automated 

validation pipelines.  

2. Leverage Commercial Publishing Platforms: 

Ensure compatibility with current and upcoming 

eCTD specifications.  

3. Invest in People and Processes: Establish dedicated 

eCTD teams, implement tiered training modules, and 

form crossfunctional governance bodies.  

4. Engage Regulators Proactively: Participate in ICH 

working groups, regional workshops, and pilot 

programs to clarify requirements and share best 

practices.  

Regulatory agencies can support global harmonization by 

publishing clear validation criteria, providing interactive 

support portals, and aligning implementation timelines. 

Collaborative efforts between sponsors and regulators will be 

essential as the industry transitions to eCTD v4.0 and beyond, 

ultimately improving submission efficiency, data quality, and 

patient access to innovative therapies.  
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